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In previous paper1 , we discussed a self-organization 
process in a plasma with a finite pressure by means of 
a three-dimensional magnetohydrodynamic simulation. 
It is demonstrated that a finite pressure, non-Taylor 
self-organized state is realized. The self-organized state 
is described approximately by an MHD force-balance 
relation, namely, j x B = V'p, and the pressure struc-
ture resembles the structure of the toroidal magnetic 
field intensity. We here report our simulation study 
on the effect of initial beta and thermal diffusion on 
self-organization in a finite pressure plasma. The sim-
ulation model we adopt is a compressible dissipative 
MHD plasma with a finite pressure. In the Cartesian 
coordinates ( x, y, z) the system is periodic along the z-
axis with a periodic length Lt and a perfect conductor 
is used for both x(x = 0, Lp), and y(y = 0, Lp) bound-
aries. As an initial condition two-dimensional force-free 
equlibrium is adopted for magnetic field and both den-
sity and pressure are assumed to be spatial uniform. 
Several simulation runs with different parameters were 
carried out. 
Figure 1 shows the temporal evolution of the nor-
malized parallel component in and perpendicular com-
ponent jl.. of the electric current for three cases with 
different initial j3 ( TJ = 2 x 10-4 , K. = O,v = 0, where TJ is 
the electrical resistivity, K. is the thermal conductivity, 
and v is the viscosity.). The perpendicular component 
increases rapidly in accordance with the growth of the 
ideal kink instability in the first relaxation phase. After 
some period it increases again in the second relaxation 
phase and reaches the high amplitude comparable to 
the parallel component. This amplitude is maintained 
during the simulation run without any significant de-
crease. Figure 2 shows the temporal evolution of the 
time scale function R( t) for the. same cases as Fig. 1. 
R( t) is the ratio of the time scale for the magnetic helic-
ity dissipation TM H to the time scale for the magnetic 
energy dissipation TME, where R(t), TME and TMH are 
defined by 
R(t) = TMH' 
TME 
fB·B~x fA·B~x 
TM E = 2 J. ·d3 ' TM H = 2 J. Bd3 . TJ J·J X TJ J· X 
(1) 
(2) 
One can see that all the results are essentially super-
imposable with an exception of a slight delay in the 
onset times of the first and second relaxation phases 
for a high initial j3 plasma. Thus, it is concluded that 
both the plasma behavior in the relaxation phase and 
the final relaxed state are almost independent of the 
initial amount of the thermal pressure. This conclusion 
can be understood as follows. There are two physical 
processes that make the pressure uniform. One is the 
expansion, and the other is the convection. For the 
case with finite pressure, both of them are very weak 
compared with the fast heating process. 
Figure 3 shows the temporal evolution of the nor-
malized parallel component in and perpendicular com-
ponent j 1.. of the electric current for three cases with 
different thermal conductivity "' (f3 = 0.2, TJ = 10-4 , 
v = 5 x 10-4 ). We can see that self-organized state 
tend to Taylor's force-free state as the thermal conduc-
tivity K. increases. 
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